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Thermotoga maritima is a hyperthermophilic bacterium with a small genome (1.86 Mbp). Genome resequencing of Tma200, a
derivative produced by experimental microbial evolution, revealed the occurrence of deletions and substitution mutations.
Their identification contributes to a better understanding of genome instability in this organism.
Received 24 April 2015 Accepted 29 April 2015 Published 28 May 2015
Citation Singh R, Gradnigo J, White D, Lipzen A, Martin J, Schackwitz W, Moriyama E, Blum P. 2015. Complete genome sequence of an evolved Thermotoga maritima
isolate. Genome Announc 3(3):e00557-15. doi:10.1128/genomeA.00557-15.
Copyright © 2015 Singh et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 Unported license.
Address correspondence to Paul Blum, pblum1@unl.edu.
Thermotoga maritima MSB8 genomovar DSM3109 is a hyper-thermophilic anaerobic bacterium (1) that grows at 80°C, pro-
ducing a maximum of 4 mol of H2 per mol of glucose (2). There
are a variety of duplicated genes and direct repeats in its genome,
suggesting the potential for genome instability. Genome rese-
quencing of T. maritima MSB8 genomovar DSM3109 in 2011 and
2013 (3, 4) indicated that the earlier sequenced T. maritima MSB8
reported by Nelson et al. (NC_000853.1) (5) was an evolved lab-
oratory variant with an approximately 8-kb deletion located be-
tween TM1847 and TM1848 (annotation according to reference
5). The 8-kb deletion may have resulted from genome instability. To
assess the potential for additional instability, a cell line harboring a
chromosomally integrated kanamycin-resistant suicide plasmid was
allowed to segregate without drug addition but with selection for
maltose catabolism as part of ongoing studies involving experimental
microbial evolution (unpublished data). The initially sequenced ge-
nome of T. maritima by Nelson et al. (5) (NC_000853.1) was used to
describe the genome changes in the resulting strains. Of 50 clonal
isolates screened, 10 underwent deletion formation, including a
10-kb loss between TM1322 and TM1332. One of these 10-kb dele-
tion isolates was named Tma200. The deleted region in Tma200 en-
coded five hypothetical proteins, two AstB/ChuR-related proteins,
one LacI family transcriptional regulator, and three ABC transporter
ATP-binding proteins. In addition, two distinct repeat sequences of
921 bp and 313 bp, respectively, were identified in TM1322 (coordi-
nates 1340942 to 1341862 and 1342246 to 1342558) and TM1332
(1350970 to 1351890 and 1352274 to 1352586). Crossover between
the 921-bp direct repeats deleted the intervening region (1341863 to
1351890). Genome resequencing of this T. maritima derivative ex-
pands the understanding of factors underlying genome instability in
this lineage.
Genomic DNA was isolated from Tma200 as described previ-
ously (6). A DNA library was prepared from ~500-bp fragments of
randomly sheared genomic DNA. This library was sequenced us-
ing an Illumina HiSeq 2000 sequencer and generated 100-bp
paired-end reads. FASTQ files containing the short reads were
mapped to the most recent reference genome of T. maritima re-
ported by Latif et al. (4) (NC_021214.1) using Bowtie 2 version
2.1.0 and IGV version 2.3 to locate mutations and deletions that
were then verified by DNA sequencing of PCR amplicons. A full
consensus genome (1,859,582 bp) was generated using SAMtools
version 1.1 and BCFtools alignment processing utilities version
1.1 (7) with the T. maritima NC_021214.1 as a reference.
The genome was annotated using the NCBI Prokaryotic
Genome Annotation Pipeline (http://www.ncbi.nlm.nih.gov
/genome/annotation_prok). This pipeline identified 1,918 genes,
1,862 coding DNA sequence (CDS), 6 pseudogenes, 3 rRNAs, 46
tRNAs, and 7 clustered regularly interspaced short palindromic
repeat (CRISPR) clusters.
Nucleotide accession number. The complete genome se-
quence has been deposited in GenBank under the accession num-
ber CP010967.
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